Myelofibrosis, either de novo or following pre-existing hematologic diseases, can be cured by allogeneic hematopoietic stem cell transplantation (SCT), but SCT is associated with significant morbidity and mortality, making the choice and timing of transplantation difficult. In all, 20 patients (seven female and 13 male), with a median age of 45 years (range 22-57 years), with idiopathic myelofibrosis (n ¼ 12), post-thrombocythemic (n ¼ 3) or post-polycythemic (n ¼ 2) myeloid metaplasia or leukemic transformation (n ¼ 3), underwent allogeneic SCT at our center between 1994 and 2003. With regard to the pre-transplant presence of risk factors such as hemoglobin levels p10 mg/dl, grade III marrow fibrosis or peripheral blast counts 41%, patients were divided into high-and low-risk groups. The estimated 3-year survival post transplant was 38.5% for all patients. The 3-year probability of survival within the high-risk group (n ¼ 11) characterized by the presence of at least two risk factors was 16%. Low-risk patients (n ¼ 9) with at most one risk factor had an estimated 3-year survival of 67%. Thus, previously defined risk determinants for the outcome of allogeneic transplantation for myelofibrosis may provide useful information facilitating treatment strategies. Our data suggest that transplantation should be taken into consideration before poor prognostic variables develop.
Myelofibrosis with myeloid metaplasia (MMM), also known as agnogeneic myeloid metaplasia or idiopathic myelofibrosis (IM), is a rare hematologic disorder classified with polycythemia vera (PV) and essential thrombocythemia (ET) as a chronic myeloproliferative disease. Clinical manifestations comprise bone marrow fibrosis, progressive anemia, extramedullary hematopoiesis, splenomegaly and leukoerythroblastic peripheral blood smear. 1 Bone marrow fibrosis is regarded as a reactive phenomenon caused by a clonal hematopoietic stem cell disorder. 2 Inflammatory cytokines released by clonal megakaryocytes and monocytes are assumed to stimulate nonclonal fibroblasts to proliferate. [3] [4] [5] Leukemic transformation is observed in 20% of the patients during the first 10 years after onset of MMM. 6 Although MMM, having a median age at presentation of 65 years 7 is typically a disease affecting the elderly, almost a quarter of patients are younger than 55 years of age. 6 The median survival of patients with IM approximately is 3.5-5 years, 2, 7, 8 but depending on the presence or absence of prognostic determinants a wide variation can be observed. In contrast, patients with PV and ET have a life expectancy that does not seem to differ significantly from that of ageand sex-matched control groups. 9 However, disease progression in these patients can lead to an increase in marrow fibrosis and then consecutive shortened life expectancy. 10 The parameters older age, anemia, constitutional symptoms, circulating blasts 41%, leukocytosis or leukocytopenia and high-risk cytogenetic aberrations are described to have the most important adverse prognostic impact on survival in MMM. 7, 8 According to Cervantes et al, 6 young patients with MMM and poor prognostic factors are reported to have a median survival of 33 months, while low-risk patients with no or one adverse prognostic factor have a median survival of 176 months. Using the Dupriez score, 7 the median survival of MMM patients receiving conventional treatments is 93 months among the low-risk group, 26 months for the intermediate risk group and 13 months among high-risk patients.
Allogeneic hemopoietic stem cell transplantation (SCT) offers long-term relapse-free survival but is associated with significant mortality and morbidity.
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Recent studies analyzed the results of allogeneic transplantation in MMM patients and defined variables influencing post-transplant survival. Hemoglobin levels o10 g/dl and osteomyelosclerosis before transplantation seem to affect the outcome negatively, 12 as well as clonal cytogenetic abnormalities or increasing severity by Dupriez classification. 13 The purpose of this study was to evaluate the applicability of risk factors for allogeneic SCT in MMM patients in order to estimate post-transplant survival.
Patients and methods
A total of 20 patients (13 male and seven female) underwent allogeneic transplantation at our center between 1994 and 2003. At the time of transplantation, 12 patients had IM, three patients progressive myelofibrosis developing with ET and two patients suffered from 'spent phase' of PV. Three patients were diagnosed with leukemic transformation evolved from IM, PV and ET in each case. The clinical and demographic profile of the patients is summarized in Table 1 . Elevated peripheral blast counts 41%, documented grade 3 marrow fibrosis and hemoglobin levels p10 g/dl prior to transplantation were regarded as relevant risk factors supposed to influence the outcome of transplantation negatively. By the use of a numeric scoring system, we defined a low-risk group including nine patients with at most one risk determinant prior to conditioning. Presence of two or three bad prognostic factors characterized the high-risk group consisting of 11 patients.
The median time interval between the diagnosis of a myeloproliferative disorder and allogeneic SCT was 16 months in the high-risk group but only 10 months in the low-risk group. Chromosomal abnormalities pre-transplant were observed in two cases in the low-risk group and in three cases in the high-risk group. Constitutional symptoms presenting as bone pain occurred in three high-risk patients. According to the Dupriez classification, 7 seven patients had a low-risk score, eight patients an intermediate risk score and five patients a high-risk score. In all, 15 patients had been transfused with red blood cells or platelets or both prior to HSCT. A total of 12 patients had undergone splenectomy at various time intervals before transplantation, generally due to symptomatic splenomegaly or to avoid apprehended engraftment failure. Five patients had received hydroxyurea and three patients had been treated with intravenous standard dose polychemotherapy. One patient in each case had received anagrelide, interferon or blood letting, which is summarized under 'other treatment' in Table 1 .
Donors were HLA-identical related in 13 cases and matched unrelated in 3 cases. Three patients received grafts from mismatched sibling donors, one patient was transplanted from a mismatched unrelated donor (Table 2 ). In all, 17 patients had conditioning regimens containing TBI, two patients received preparative treatment using polychemotherapy. Transplants consisted of unmanipulated peripheral hematopoietic blood stem cells in 14 cases, one patient received a CD34 enriched, T-cell-depleted graft and five patients were transplanted with bone marrow. While primary prophylaxis of GVHD consisted of CSA and a short-course methotrexate in 18 cases, one patient was treated with CSA plus mycophenolate mofetil.
Diagnosis of the underlying myeloproliferative disorder was based on the conventional diagnostic criteria.
14,15 Bone marrow biopsies of all patients were analyzed histopathologically to grade the extent of fibrosis prior to transplant. The degree of marrow fibrosis was recorded due to the histomorphometric grading scheme reported by Thiele et al. 16 The day of graft infusion was defined as day 0 and leukocyte recovery was defined as the first of three consecutive days with absolute neutrophil counts 40.5 Â 10 9 /l. Primary graft failure was assumed if leukocyte engraftment was not reached by day 30. Platelet recovery was defined as the first of three consecutive days Table 1 Clinical and demographic profile of patients with myelofibrosis with platelet counts 420 Â 10 9 /l without support. Acute and chronic GVHD was graded according to the Seattle criteria, 17, 18 and for transplant-related mortality (TRM) the time period by day þ 100 after transplantation was taken into consideration. For the analysis of bone marrow chimerism, we used PCR with amplified variable number tandem repeat (VNTR) DNA markers. 19 Cumulative estimates were calculated by the method of Kaplan and Meier. 20 Comparisons between risk groups were done by log-rank test (Mantel-Haenszel) and exploratory interpretation of Fisher's exact test. Resulting probabilities were accepted as significant if they were less than 0.05 (two-sided tests).
Results
Granulocyte engraftment was achieved in 18 of 20 patients (90%) and 19 patients experienced platelet recovery (95%). The median time to leukocyte engraftment was 16 days in both patient groups. Among the splenectomized patients, granulocyte recovery could be assessed after a median time of 14 days, while the patients without splenectomy showed neutrophil engraftment 20 days after transplant (P ¼ 0.054). Platelet counts above 20 Â 10 9 /l were achieved after 18 days in the low-risk group and after 22 days in the high-risk group. Splenectomized patients demonstrated a shorter time to platelet recovery (median 17 days) as compared to patients without splenectomy (median 22 days) (P ¼ 0.08). Failure of sustained neutrophil engraftment was observed in two of the patients (10%), with one primary and one secondary graft failure in the high-risk group after transplantation from a HLA-identical-related and a mismatched related donor, respectively. Primary graft failure occurred after conditioning with TBI and cyclophosphamide and transfusion of 3.0 Â 10 6 /kg CD34 þ peripheral blood stem cells. A patient transplanted with CD34 highly purified blood stem cells from a partially HLA-identical family member experienced secondary graft failure. This patient received successful second PBSCT from his HLA-identical sister using fludarabine and cyclophosphamide as preparative regimen.
Outcome of the 20 patients with MMM after transplantation is summarized in Table 3 . Cumulative incidence of acute GVHD grades I-IV could be ascertained in 80% of all patients. Three patients (15%) developed acute GVHD grades III-IV. Within the low-risk group, the incidence rate for grades I-II GVHD was 44% (four of 9 patients) and among the high-risk patients it was 82% (nine of 11). Grades III-IV GVHD occurred in two cases (22%) within the low-risk and one case (9%) within the high-risk group. Chronic GVHD occurred in three patients of each group. Out of 20 patients transplanted, 11 (55%) died, three (33%) in the low-risk and eight (73%) in the high-risk group (P ¼ 0.09). Causes of death were infections (n ¼ 5), relapse (n ¼ 3), GVHD (n ¼ 1), lymphoproliferative disorder (n ¼ 1), and suicide (n ¼ 1). Among the deceased patients, the median time of post-transplant survival was 8 months. Four patients (20%) died from direct transplantrelated causes and an estimated TRM by day 100 after transplant could be assessed with 22714% for low-risk and 27713% for high-risk patients. All patients with transformation into secondary AML prior to transplantation died (median survival 136 days); two of them were shown to have incomplete chimerism after SCT. The probability of survival after transplantation is shown in Figure 1 for all patients and in Figure 2 for the different risk groups, showing the high-risk group including patients with leukemic transformation. Post-transplant median followup was 13 months (range 1-112 months) for all patients. The estimated overall survival could be assessed with 38.5712.6% for all patients, with a median survival of 430 days (range: 26-3397 days) after transplant. Among lowrisk patients, the 3-year probability of survival following transplantation was 67716%, with a median survival of 583 days and a relapse-free survival of 51%. The estimated 3-year probability of survival among the high-risk patients could be specified with 16714%, with a relapse-free survival of 17%. High-risk patients exclusive of patients with leukemic transformation were shown to have an estimated 3-year survival of 27721% (Figure 3 ). Differences regarding post-transplant survival between patient risk groups did not reach statistical significance, P-value was 0.11. Three relapses were diagnosed between 1 and 14 months post-transplant (median 3 months).
Discussion
Bone marrow fibrosis in MMM is the consequence of the neoplastic proliferation of a pluripotent stem cell. 2 Owing to the heterogeneity in the presentation and clinical course of MMM, there is a wide variation concerning the median survival, 7, 8 which makes the decision whether and when to transplant affected patients difficult. Several studies identified prognostic features for survival in MMM with conservative treatment and different scoring systems could be elaborated. 6, 7 However, until now, allogeneic SCT remains the only treatment that can cure MMM, but is associated with an estimated 1-year TRM of 27%. 12 Previous reports demonstrated the feasibility of allogeneic SCT in MMM, showing that long-lasting complete hematologic remissions can be achieved in a substantial number of patients, which was also accompanied by regression of marrow fibrosis. [11] [12] [13] However, investigations on post-transplant survival in MMM demonstrated that low hemoglobin (p10 g/dl), osteosclerosis, clonal chromosomal aberrations, high Dupriez severity score or low platelet counts prior to transplantation were predictors for decreased survival. 12, 13 These findings imply that those differences in post-transplant survival result from the individual risk profile, which again reflects the stage of disease. Since low hemoglobin levels and severe marrow fibrosis prior to SCT are recognized as relevant predictors for decreased survival of MMM patients, we used these determinants together with the presence of peripheral blasts to assess whether risk factors were of use for an independent series of patients treated in a single center. An improvement of outcome in allogeneic transplantation for chronic myeloid leukemia originated among other things from a precise definition of risk factors. 21 It can be suggested that, as for CML, pre-transplant risk evaluation in MMM may facilitate decision-making strategies concerning allogeneic SCT, which could then lead to better results in the treatment of chronic myeloproliferative disorders. In the present study, post-transplant survival was demonstrated to be different between the two risk groups, without reaching statistical difference but showing a clear trend. Even if patients with leukemic transformation were excluded from the high-risk group, the survival estimates still clearly differed between the risk groups. Of note is that the low-risk group is composed of patients who received grafts from sibling donors, whereas four patients in the high-risk group were transplanted from unrelated donors. However, comparison between HLA-identical sibling donors, partially matched family donors and matched unrelated donors regarding transplantation outcome has shown no significant differences in overall survival after hematopoietic SCT. 22 Although more than a half of the patients were characterized by grade 3 marrow fibrosis, platelet engraftment was not a problem and the median white blood cell recovery could be documented at day 16 after transplantation. This observation corroborates previous experiences demonstrating marrow fibrosis not to be a barrier to successful allogeneic stem cell engraftment. 11, 23 Nevertheless, we observed one primary graft failure in a highrisk patient with post-thrombocythemic myelofibrosis, who received peripheral blood stem cells from a matched unrelated donor after conditioning with TBI and cyclophosphamide. Graft failure may have resulted from a low number of transfused CD34 þ cells, which was 3.0 Â 10 6 /kg in this case. One secondary graft failure in the high-risk group occurred after transplantation of CD34 highly purified peripheral blood stem cells. Since there is some evidence for a graft-versus-myelofibrosis effect, 6 ,24 the lack of donor lymphocytes may have contributed to graft rejection.
Owing to the high mortality rate for patients with myelofibrosis undergoing splenectomy, its role in MMM remains controversial. We observed that splenectomized patients tend to have earlier platelet and neutrophil recovery, which corroborates previous reports. 12, 13 In a collaborative study with a cohort of 55 patients who received allogeneic SCT from HLA-matched siblings (49 patients) or alternative donors (six patients), the 5-year probability of survival was 47% for all patients but only 23% for patients with hemoglobin levels o10 g/dl receiving pre-transplant RBC transfusions. 12 The 1-year probability of TRM was 27%. Our results are comparable and furthermore show that classification of MMM patients into risk groups depending on the presence of adverse prognostic factors is reasonable. Two or more risk factors at the time of transplant point to an advanced stage of disease comparable to accelerated or blastic phase in CML. In both entities of myeloproliferative disorders, advanced disease stages seem to go along with a decreased probability to survive allogeneic SCT. This is of clinical relevance concerning the decision for transplantation and in order to refine the prognostic accuracy. Our results support the view that allogeneic SCT for MMF should be considered before poor prognostic determinants develop. For high-risk patients with a decreased prognosis to survive transplantation, myeloablation and autologous peripheral blood stem cell rescue or reduced intensity allogeneic SCT might be more appropriate treatment options. 25, 26 
